1. Introduction
===============

Coronavirus disease 2019 (COVID-19) is a new acute infectious disease.^\[[@R1]\]^ It attracted great attention of public health. World Health Organization (WHO) has listed it as a public health emergency of international concern. COVID-19 is contagious^\[[@R2]\]^ and human-to-human transmission has been confirmed.^\[[@R3]\]^ It mainly causes fever, fatigue, cough, shortness of breath, etc.^\[[@R4]\]^ Symptomatic treatment and supportive care are currently considered the major treatment methods.^\[[@R5]\]^ Per National Institutes of Health, a guidance on classifying severity of illness is appearing to have 5 levels, asymptomatic or presymptomatic infection, mild illness, moderate illness, severe illness, and critical illness.^\[[@R6]\]^

Rehabilitation exercise uses moderate body movements to help the body return to normal state such as gymnastics, tai chi, qigong, etc. Proper exercises can improve cardiopulmonary function.^\[[@R7]--[@R9]\]^ COVID-19 affects the respiratory system and causes dyspnea. Some patients will then develop muscle soreness and symptom of fatigue.^\[[@R10]\]^ As of patients with mild or moderate symptom, rehabilitation exercises improve respiratory system and relieve symptoms of muscle pain. In addition, governments use quarantines to help stopping the spread during COVID-19 outbreaks, and it can also create patients with negative emotions such as fear, depression, boredom, and etc.^\[[@R11]\]^ Being quarantined for a long time can be harmful to mentality and immunity.^\[[@R12]\]^ The involvement of rehabilitation exercises has been reported to relieve symptoms of anxiety and tension, therefore prevent physical weakness, as good mentality can improve the immunity of human body.^\[[@R13]\]^

Moreover, rehabilitation exercises have been added to treatment guidelines for COVID-19 patients in China, as to increase lung function by practicing leisurely activities, such as Tai Chi, Baduanjin, etc.^\[[@R14]--[@R16]\]^

However, there is insufficient evidence to show the effectiveness and reliability of using rehabilitation exercises on patients from all severity classifications of COVID-19. We will conduct a meta-analysis and systematic review to evaluate whether effective and practicable rehabilitation can be implemented onto COVID-19 patients from all severity classifications.

2. Methods
==========

2.1. Review design
------------------

This protocol was registered in PROSPERO (CRD42020176972). It refers to the guide book of Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols (PRISMA-P).^\[[@R17]\]^ This meta-analysis will be conducted to assess the efficacy and safety of rehabilitation exercises for COVID-19 treatment and relief of the symptoms.

2.2. Search strategy
--------------------

Two independent reviewers will search the following databases, Web of Science, Embase, Cochrane Library, PubMed, Chinese Biomedical Literature Database, Chinese National Knowledge Infrastructure, Chinese Scientific Journal Database, and Wan fang Database, ClinicalTrials, WHO Trials, and Chinese Clinical Trial Registry. Literatures with English or Chinese will be included.

PubMed literature search as following:

1.  \#1. Search "COVID-19" \[Mesh\]

2.  \#2. Search (((((((((((((((2019 novel coronavirus infection) OR COVID19) OR coronavirus disease 2019) OR coronavirus disease-19) OR 2019-nCoV disease) OR 2019 novel coronavirus disease) OR 2019-nCoV infection) OR Wuhan coronavirus) OR Wuhan seafood market pneumonia virus) OR COVID19 virus) OR COVID-19 virus) OR coronavirus disease 2019 virus) OR SARS-CoV-2) OR SARS2) OR 2019-nCoV) OR 2019 novel coronavirus

3.  \#3. Search \#1 OR \#2

4.  \#4. Search "Exercise Therapy"\[Mesh\]

5.  \#5. Search ((((((((((((Remedial Exercise) AND (Exercise, Remedial)) AND (Exercises, Remedial)) AND (Remedial Exercises)) AND (Therapy, Exercise)) AND (Exercise Therapies)) AND (Therapies, Exercise)) AND (Rehabilitation Exercise)) AND (Exercise, Rehabilitation))) AND (Exercise, Rehabilitation)) AND (Exercises, Rehabilitation)) AND (Rehabilitation Exercises)

6.  \#6. Search \#4 OR \#5

7.  \#7. Search \# 3 AND \#6

2.3. Study selection
--------------------

### 2.3.1. Type of study

We prioritize randomized controlled trials. Quasi-randomized trials will also be considered. We will assess the risk of bias according to random assignment methods. If it does not mention the method of randomization, we will try to contact author of that literature.

### 2.3.2. Participants

This study participants will include patients diagnosed with COVID-19. The patients could be any age, sex, or ethnic origin.

Participants will be characterized as 5 categories^\[[@R6]\]^: asymptomatic or presymptomatic infection, mild illness, moderate illness, severe illness, and critical illness according to the inclusion criteria of the retrieved documents.

### 2.3.3. Type of interventions

We will include the literatures that use rehabilitation exercises as a main variable. Any comparisons between a combined therapy of rehabilitation exercises and other interventions with a therapy of solely using other interventions are also included. No limitation will be used for type of interventions. All the frequencies, durations, and types of rehabilitation exercises will be considered.

### 2.3.4. Type of comparators

We will include no-treatment, regular treatment, or placebo in the control group.

### 2.3.5. Primary outcomes

Clinical recovery time and effective rate will be considered the main outcomes. The clinical recovery time is defined as the time until the patient\'s condition has been better for at least 72 hours after initiating rehabilitation exercises. If the patient\'s condition gets better, we will consider it into effective rate. Patients can be described as effective when respiratory rate ≤24/min on room air and oxygen saturation \>94% on room air. If the literatures describe the effectiveness without same standards, we will contact author of that literature to get further information.

### 2.3.6. Secondary outcomes

Additional outcomes of patient\'s condition are as follows:

Changes of patient\'s condition:

1.  Time until COVID-19 RT-PCR tested negative in upper respiratory tract specimen;

2.  Time until cough reported as mild or absent;

3.  Time until dyspnea reported as mild or absent;

4.  Frequency of requirement for supplemental oxygen or noninvasive ventilation;

5.  Frequency of requiring respiratory;

6.  Incidence of severe cases;

7.  Proportion of rehospitalization or admission to ICU;

8.  All-cause mortality;

9.  Frequency of serious adverse events.

Changes of patient\'s pulmonary function assessment

1.  Forced vital capacity (FVC) and maximal voluntary ventilation;

2.  Forced expiratory volume in one second (FEV1) and FEV1/FVC;

Changes of patient\'s respiratory function assessment

1.  Borg Scale^\[[@R18]\]^

2.  modified Medical Research Council dyspnoea scale^\[[@R19]\]^

Changes of patient\'s activity of daily living assessment

1.  Barthel Index or modify Barthel Index^\[[@R20]\]^

2.  Activities of Daily Living Scale

The secondary results will provide a supplement of rehabilitation exercises affecting on COVID-19. If a new suitable outcome is obtained during literature search, it will be taken into consideration.

### 2.3.7. Exclusion criteria

Literatures published repeatedly by the same author or with duplicate data; Full data cannot be obtained after contacting with author; Literatures with less than 10 samples in experimental group or control group.

### 2.3.8. Data extraction

Endnote X9.3 will be used to manage data screening. The statistical analysis will be completed by RevMan5.2 and Stata/SE 15.1 software. Two review authors (RG, YG) will scan articles through title and abstract independently. Then full text about potentially eligible literatures will be read for selecting appropriate literatures. If 2 independent authors include different literatures, a third expert or the whole group members (CZ, ZS) will take it into discussion. Two main authors independently collect data and present eligible trials characteristics (including the first author, year, patient\'s condition, experimental group, control group, categories of COVID-19 patients, course of rehabilitation exercises, type of the rehabilitation, and outcomes) in the literatures characteristic form. We will try to contact authors with missing or incomplete data by email. However, if the missing data cannot be obtained, then the study will be excluded from the analysis. We will use PRISMA flow chart to present the process of study selection (Fig. [1](#F1){ref-type="fig"}).

![PRISMA flow diagram of the study process. PRISMA =  Preferred Reporting Items for Systematic review and Meta-Analysis.](medi-99-e21373-g001){#F1}

### 2.3.9. Risk of bias assessment

According to Cochrane Collaboration\'s tool for assessing risk of bias,^\[[@R21]\]^ the quality of evidence of the articles included in this review will be assessed by 1 reviewer, and confirmed by a second one. We will discuss when difference exists in risk of bias assessment. Random sequence generation, assignment concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting and other bias will be assessed to evaluate the bias risks. Afterward, we will provide a chart using green, yellow, red colors and "+", "−", "?" to indicate "low risk bias," "high risk bias," and "unclear."

2.4. Statistical analysis
-------------------------

### 2.4.1. Data synthesis

First, we will combine the collected data according to characteristics of eligible trials. For efficiency, we will use fixed effect model to express risk ratio with 95% confidence intervals. On the other hand, the random effect model will be used for continuous outcomes due to clinical heterogeneity. Weighted mean differences or standardized mean differences will be calculated with 95% confidence intervals to assess whether data is statistical significance. Second, we will use *P* value and I^2^ value to test heterogeneity between trial results. If the I^2^\>50%, it means that there is heterogeneity among the consolidated data. The statistical package (RevMan 5.2) will be used for data analysis and forest plots in data presentation. When we find obvious heterogeneity among the combined data, we will explore the source of heterogeneity with subgroup analysis, sensitivity analysis and evaluate publication bias.

### 2.4.2. Subgroup analysis

Subgroup analysis will be carried out to assess the influence of practicing rehabilitation exercises on COVID-19 patients with different levels of severity and different characteristics. It will analyze potential sources of heterogeneity and even out the heterogeneous results for a better evidence, such as evaluating the severity of illness, type of rehabilitation exercises, age, gender, and so on.

2.5. Sensitivity analysis
-------------------------

Sensitivity analysis is to assess the bias factors by eliminating each study one at a time. It will calculate sensitivity of each study in the whole project to judge whether an individual study has a significant impact on the results.

2.6. Publication bias
---------------------

Publication bias will be evaluated by using funnel chart and completed by RevMan software. When we have adequate samples, funnel chart will be used to assess bias in small samples.

2.7. Quality of evidence
------------------------

According to grading quality of evidence and strength of recommendations,^\[[@R22]\]^ GRADE system will be used to assess quality of literature with high, moderate, low, or very low level.

3. Discussion
=============

Now the ongoing pandemic of COVID-19 has no effective medical cure, therefore it brings an unprecedented challenge to public health in the 21st century. COVID-19 may cause changes in the respiratory system, digestive system,^\[[@R23]\]^ cardiovascular system,^\[[@R24]\]^ etc. The symptoms of respiratory system are the most obvious and serious. Our review is timely since there is an increasing amount of research dedicated to the rehabilitation exercises on respiratory system diseases. Some previous meta-analysis reported that rehabilitation exercises have played a positive role in treating respiratory system diseases,^\[[@R25]--[@R28]\]^ and it can improve cardiorespiratory endurance^\[[@R29]\].^ Some trails revealed that rehabilitation exercises can help with pulmonary rehabilitation^\[[@R30]\]^ and COVID-19 is one of the respiratory infectious diseases. In addition, rehabilitation training may improve lung function of COVID-19 patients because of strengthening respiratory muscle, such as intercostal muscles, enthusiastic muscles, abdominal wall muscles, etc. These muscles play an important role in maintaining respiratory function.^\[[@R31]\]^

More and more attentions are being attached to the influence of COVID-19 rehabilitation exercises.^\[[@R32],[@R33]\]^ Suitable rehabilitation may relax muscles, improve respiratory system, and reduce treatment costs, since the outbreak of COVID-19 brought significant medical and economic pressure to many countries. If rehabilitation exercise could help with COVID-19 treatment or enhance respiratory function and prevent its damage, it will be benefiting patients and relieving much medical pressure. However, there is no evidence to verify its effectiveness and safety for COVID-19 patients at present.

It is difficult to prove that COVID-19 patients from all severity levels to receive rehabilitation exercises, our systematic review and meta-analysis will be conducted to collect existing trails data based on these different levels of classification. It will provide an overview of the application of rehabilitation exercises for adjuvant treatment for COVID-19 patients. Strengths and limitations will be highlighted during identifying evidence. The data extraction and risk of bias assessment will be completed by 2 researchers independently to improve the quality of evidence. Furthermore, the protocol was registered PROSPERO. It will follow the guideline of Cochrane^\[[@R21]\]^ and PRISMA statement.^\[[@R17]\]^ Limitations will mainly be originated from different clinical condition and different basic treatment on COVID-19 patients. However, funnel plots, subgroup analyses, and sensitivity analysis will be conducted to explore the sources of heterogeneities. The results of this systematic review and meta-analysis may establish a better approach to adjuvant treatment for COVID-19 and analyze application of rehabilitation exercises on COVID-19 patients with different levels of severity.
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